A number of essential oils are currently in use as aromatherapy agents to relieve anxiety, stress, and depression. Popular anxiolytic oils include lavender (Lavandula angustifolia), rose (Rosa damascena), orange (Citrus sinensis), bergamot (Citrus aurantium), lemon (Citrus limon), sandalwood (Santalum album), clary sage (Salvia sclarea), Roman chamomile (Anthemis nobilis), and rose-scented geranium (Pelargonium spp.). This review discusses the chemical constituents and CNS effects of these aromatherapeutic essential oils, as well as recent studies on additional essential oils with anxiolytic activities.
Anxiety disorders are some of the most prevalent psychological problems around the world and are the most common mental illnesses in the United States. Anxiety disorders affect about 40 million people in the U.S. (about 18% of the population between the ages of 18 and 60 years old) [1] . These illnesses include obsessive-compulsive disorder (OCD), posttraumatic stress disorder (PTSD), social anxiety disorder (social phobia), specific phobias, and generalized anxiety disorder (GAD). Anxiety disorders are generally treated with medication and/or psychotherapy. Currently prescribed antianxiety medications include antidepressants such as serotonin reuptake inhibitors (e.g., fluoxetine and sertraline), tricyclics (e.g., imiptramine and clomiptramine), monoamine oxidase inhibitors (e.g., phenelzine and isocarboxazid); and benzodiazepine anti-anxiety drugs (e.g., clonazepam, lorazepam, and alprazolam). Many of these drugs have undesirable side effects, many of which are serious or lifethreatening.
Aromatherapy is a form of complementary and alternative medicine (CAM) that uses plant essential oils to affect the mood or health of the patient. Essential oils are well known for various pharmacologic properties including antimicrobial, antioxidant, analgesic, digestive, and anticarcinogenic activities [2] . Various essential oils have been utilized for relief of depression and anxiety [3] , including lavender (Lavandula angustifolia), rose (Rosa damascena), orange (Citrus sinensis), bergamot (Citrus aurantium), lemon (Citrus limon), sandalwood (Santalum album), clary sage (Salvia sclarea), Roman chamomile (Anthemis nobilis), and rose geranium (Pelargonium spp.) [4] . This paper presents a review of recent reports on the anxiolytic and relaxant effects of essential oils. It is not intended for prescribing anti-anxiety management; serious anxiety disorders should be treated in consultation with a physician.
The rhizomes of Acorus calamus L., commonly known as "sweet flag", have been used in Indian Ayurvedic and Chinese traditional medicine for antispasmodic as well as other CNS effects, and the oil from the rhizomes is reported to possess antidepressant and anxiolytic activities [5] . The essential oil of the rhizomes of A. calamus are dominated by β-asarone (76-92%) and α-asarone (1-10%) [6] . β-Asarone has shown both sedative and anxiolytic activity [7] , but the compound has also exhibited genotoxic effects [8] .
Lemon verbena [Aloysia citriodora Palau = A. triphylla (L'Hér.) Britton = Lippia triphylla (L'Hér.) Kuntze = L. citriodora (Lam.) Kunth] has been used as an herbal tea for insomnia and anxiety and for its antispasmodic properties, and A. citriodora leaf oil has shown ex vivo spasmolytic effects [9] . The leaf essential oil of A. citriodora is mainly composed of geranial (27-39%), neral (21-30%) and limonene (6-21%) [10] . Consistent with these findings, the essential oil of a chemotype of Lippia alba (Mill.) N.E. Br. [11] , composed of citral (63%) and limonene (23%), has shown anxiolytic activity in mice using the elevated plus-maze test and the open field test [12] . Notably, the tea from the leaves is used as a relaxant in Brazil [12] . Citral (a mixture of geranial and neral) has demonstrated sedative and motor relaxant effects, but also showed anxiogenic rather than anxiolytic activity [13] .
Whether limonene is an anxiolytic agent in these essential oils is in dispute. Vale and co-workers [13a] have concluded that limonene exhibits axiogenic rather than anxiolytic effects, in direct contrast to the conclusions of Chen et al. [14] who found limonene to be a potent anxiolytic agent. Erasto and Viljoen have written a comprehensive review of limonene [15] .
Extracts of Aloysia polystachya (Griseb.) Moldenke (= Lippia polystachya Griseb.) have been found to exhibit anxiolytic and antidepressant activity [16] . The leaf essential oil of A. polystachya is composed largely of the monoterpenoid ketones αthujone (53-67%), β-thujone (4-36%), and carvone (0-18%), in addition to limonene (2-4%) [17] . (-)-Carvone has been found to ameliorate the overagitation in mice due to analeptics [18], but α-thujone, the notorious component of absinthe, is well known for its stimulatory activity, which can lead to hallucinations, sleeplessness, tremor, and convulsions [19] . Schum.] essential oil is used in Japan to treat depression, stress, and anxiety [20] . The essential oil has been found to contain five major compounds: p-cymene (28%), 1,8-cineole (18%), terpinen-4-ol (12%), limonene (6%), and camphor (5%). The leaf oil has demonstrated anxiolytic activity in mice using an elevated plus-maze task assay, but the effect was different from conventional benzodiazepine anxiolytic agents.
A. zerumbet leaf oil has also demonstrated hypotensive, relaxant, and anti-spasmodic activities [21] and has been shown to depress the amplitude and conduction velocity of the compound action potential of rat sciatic nerves [22] . Alpinia calcarata Rosc. rhizome essential oil, composed largely of 1,8-cineole (42%), endo-fenchyl acetate (15%), camphene (8%), β-pinene (7%), α-terpineol (5%), and camphor (5%), also showed myorelaxant effects on rat duodenal smooth muscle [23] . p-Cymene has been found to be an effective anti-anxiety agent in the hole-board test with mice [24] . 1,8-Cineole has been reported to have hypotensive, myorelaxant, and sedative effects [25] , but has also demonstrated stimulatory activity in mice [26] and humans [27] .
The root essential oil of the Chinese traditional medicine, Angelica sinensis (Oliv.) Diels, has shown anxiolytic activity in mice (using the elevated plusmaze test, the light/dark test, and the stress-induced hypothermia test) [28] and rats (using the social interaction test and the hole-board test) [29] . Gas chromatographic analyses of the volatile components of A. sinensis root show wide variability with respect to geographical location and extraction methods. The root oils are generally dominated by (Z)-ligustilide (3-butylidene-4,5-dihydrophthalide), with smaller amounts of (E)-ligustilide, 3-butylidene phthalide, cyclofenchene, α-pinene, 4-hydroxy-4-methyl-2pentanone, or (Z)-β-ocimene [30] . Ligustilide has been reported to decrease the duration of pentobarbital sleep in mice that had been caused by social isolation stress consistent with interaction through central noradrenergic or GABA A receptors [31] . Many anxiolytic drugs exert their behavioral effects by binding to the benzodiazepine site on GABA A receptors [32] , but ligustilide apparently does not bind to the GABA A receptor [33] . Ylang-ylang oil (the floral essential oil of Cananga odorata (Lam.) Hook. f. & Thomson) has been found to cause a decrease in blood pressure and pulse rate and increase attentiveness and alertness in humansgeneral "harmonization" after either inhalation [36] or transdermal absorption [37] . Ylang-ylang oil has also shown in vitro and in vivo urinary bladder muscle relaxant effects [38] . The major components of ylang-ylang oil are linalool (15-28%), (E)-caryophyllene (11-14%), germacrene D (10-20%), benzyl acetate (5-17%), (E,E)-α-farnesene (2-15%), p-methylanisole (6-8%), benzyl benzoate (4-14%), and geranyl acetate (2-8%) [39] . Linalool, the major component of lavender (Lavandula angustifolia, see below) and ylang-ylang (Cananga odorata) floral essential oils, has been shown to have a soothing, comforting effect on humans [27, 40] , as well as anxiolytic effects in rats using the elevated plus-maze test [41] . The (R)-(-)-linalool enantiomer seems to be responsible for the anxiolytic effects [40], but apparently not by modulation of the GABA A receptor [41] . (E)-Caryophyllene is reported to have sedative effects [25a,42] .
A number of Citrus oils have demonstrated anxiolytic effects. Neroli oil (Citrus aurantium var. amara L. floral essential oil), for example, has been found to reduce anxiety in post cardiac surgery patients [43] . Neroli oil has also shown anxiolytic activity in gerbils using a forced swimming test [44] . Neroli oil is composed mainly of limonene (25%), β-pinene (20%), linalool (16%), and linalyl acetate (10%) [45] . Neroli oil has demonstrated sedative effects by reducing the motility of mice upon inhalation [46] .
Bergamot oil (the fruit rind essential oil of Citrus aurantium subsp. bergamia (Risso) Wight & Arn.) is used to relieve anxiety and calm fears [34] and has demonstrated anxiolytic activity in mice using the elevated plus-maze test [47] . Commercial bergamot oil is made up of limonene (26-53%), linalool (2-22%), and linalyl acetate (16-40%) [48] . Women (but not men) who were exposed to sweet orange (C. sinensis (L.) Osbeck) peel oil, made up of (R)-(+)-limonene (88%), myrcene (4%) and α-pinene (1%), showed a lower level of anxiety and a more positive mood in a dental office setting [49] . C. aurantium (sour orange) peel oil, composed largely of (R)-(+)-limonene ( in rats [58] . Estragole itself, however, was found not to be responsible for the central depressive activity, but if anything, was anxiogenic [59] .
Cymbopogon citratus (DC.) Stapf (lemongrass) is used as an anxiolytic, hypnotic, and anticonvulsant in Brazilian folk medicine, and the essential oil has shown anxiolytic activity in mice using the elevated plus-maze test and the light/dark box test [60] . Commercial lemongrass oil is composed largely of citral [a mixture of geranial (30-50%) and neral (12-30%)], myrcene (1-7%), and geraniol (1-12%) [61] . Citronella oil (Cymbopogon winterianus Jowitt ex Bor leaf essential oil), well known for its insect repellent activity [62] , is dominated by geraniol (12-40%), citronellal (20-36%, largely (R)-(+)citronellal), citronellol (10-18%, largely (R)-(+)citronellol), and elemol (6-15%) [63] . C. winterianus is also used in Brazilian folk medicine to relieve anxiety [64] . . Thus, lavender aromatherapy has been found to reduce excessive or agitated behavior [65] , improve mood and reduce anxiety [66] , and reduce depression [67] . Lavender aromatherapy has also been found to reduce serum cortisol and improve coronary flow velocity, in addition to its relaxation effects [68] . In a recent study, Bradley and co-workers found that orally administered lavender decreases anxiety elicited by anxiety-provoking film clips [69] . This study is notable because it eliminated the potential psychological effects of lavender odor.
The anxiolytic effects of lavender oil have been confirmed in animal models. Umezu and co-workers found that lavender oil (as well as one of its major constituents, linalool) exhibited dose-dependent anticonflict effects in mice, consistent with an antianxiety effect [70] . Inhalation of lavender essential oil produced an anxiolytic effect in gerbils (using the elevated plus-maze test) comparable with diazepam treatment [71] . Similarly, using the open-field test in rats, Shaw et al. have demonstrated anxiolytic effects of lavender oil inhalation comparable with the known anxiolytic drug chlordiazepoxide [72] . Lavender floral essential oils are dominated by linalool (18-48%) and linalyl acetate (1-36%), with lesser amounts of myrcene (0-13%), limonene (0-7%), 1,8-cineole (0-14%), (Z)-β-ocimene (0-14%), (E)-βocimene (0-10%), camphor (0-12%), terpinen-4-ol (0-19%), and (E)-caryophyllene (0-8%) [73] . Both linalool and linalyl acetate have been found to decrease the motility of normal mice, as well as reverse caffeine-induced over-agitation in mice [18a] .
Melissa officinalis leaf oil (lemon balm oil) is composed of geraniol (3-40%), neral (3-35%), geranial (4-85%), (E)-caryophyllene (0-14%), and citronellal (1-44%) [74]. Lemon balm leaves have long been used as anxiolytics, mood elevators and a calming herb for patients with anxiety [75] . Aromatherapy with lemon balm oil, in a doubleblind, placebo-controlled trial, showed significant reduction in agitation in people with severe dementia [76] . Lemon balm oil has been found to interact with the GABA A receptor channel, inhibiting GABAinduced currents [77] . M. officinalis oil, as well as citral (mixture of geranial and neral) has also been found to inhibit contractions of rat ileum [13b]. Geraniol has shown ex-vivo smooth muscle relaxant activity on rat aorta [78] .
Marjoram oil (the essential oil from the leaves and flowering tops of Origanum majorana L.) is reputed to have anxiolytic, comforting, and sedating properties [4b].
The oil composition shows great variability depending on growing location. The main chemical constituents are sabinene (5-9%), α-terpinene (1-11%), γ-terpinene (3-18%), p-cymene (1-7%), linalool (1-33%), cis-sabinene hydrate (9-41%), and terpinen-4-ol (1-38%), [79] . Rose geranium oil, steam-distilled from the leaves of various species of Pelargonium (but chiefly Pelargonium graveolens L'Hér.) is a recommended aromatherapy for anxiety and depression [80] , and the oil has demonstrated a significant reduction in anxiety after inhalation [81] . Commercial rose geranium oil is predominantly composed of isomenthone (5-7%, often reported as menthone), linalool (3-11%), citronellol (15-44%), geraniol (2-39%) and citronellyl formate (6-20%) [82] . Rose geranium oil, as well as its major constituents (citronellol, geraniol, and linalool) have also shown smooth muscle relaxant (guinea pig ileum) properties [83] .
Rose oil (the floral essential oil of Rosa damascena Mill.) is reported to have a soothing effect on the emotions and bring a feeling of well-being [84] and a controlled study using transdermal absorption showed that rose oil caused decreased breathing rate, blood pressure, and blood oxygen saturation, consistent with a relaxing effect [85] . Rose oil is composed chiefly of citronellol (13-53%), geraniol (7-27%), nerol (0-16%), 2-phenylethanol (1-10%), nonadecane (2-25%), and heneicosane (1-9%) [86] . Rose oil has shown anticonflict effects in mice, and the effects are not mediated by the benzodiazepine binding site of the GABA A receptor complex [87] . The compounds responsible for this bioactivity have been identified as 2-phenylethanol and citronellol [88] . Rose oil has also shown anxiolytic effects in rats (using the elevated plus-maze test) [89] and in gerbils (using both the elevated plus-maze test and the black/white box test) and these effects are apparently not mediated by the benzodiazepine route [90] . Rose oil has also shown anticonvulsant activity in rats [91] .
The main chemical components of the essential oil derived from the flowering tops and leaves of Salvia sclarea, clary sage oil, are linalool (8-29%, chiefly (R)-(-)-linalool), linalyl acetate (23-74%, mostly (R)-(-)-linalyl acetate), caryophyllene (0.2-5%), α-terpineol (1-47%), α-terpinyl acetate (0-39%), sclareol (0-6%) and germacrene D (1-20%, predominantly (S)-(-)-germacrene D) [92] . Clary sage oil helps to relieve states of anxiety, including fear, paranoia and delusions [93] . Santalum album L. heartwood essential oil (sandalwood oil) is reputed to be beneficial for depression, anxiety, and stress-related problems [34] . The main constituents of sandalwood oil are (Z)-α-santalol (35-49%), (Z)-β-santalol (14-33%), (Z)-α-trans-bergamotol (0-5%), and epi-β-santalol (1-7%) [94], and high-quality sandalwood oil contains more than 90% santalols. In a pilot study with a small sample size, aromatherapy with sandalwood oil seemed to have a positive effect in reducing anxiety [95] . Transdermal absorption of sandalwood oil has shown "harmonizing" effects and the main component, α-santalol had a relaxing/sedative effect [96] . Okugawa et al. have examined α-and β-santalols from sandalwood oil on the central nervous system in mice and demonstrated that these materials have sedative effects [97] . Many plants are used in traditional medicine for CNS modulating activity and a number of essential oils are currently used for anxiety relief and relaxing effects. In-vivo studies using rodent models have corroborated the anxiolytic effects of these materials and the interactions of major chemical components of essential oils on CNS receptors is developing at a rapid pace.
Popular anxiolytic essential oils generally seem to be dominated either by terpenoid alcohols (linalool, geraniol, and/or citronellol), the monoterpene limonene, or citral. Other essential oils or formulations that contain these materials as major components may, therefore, serve as important aromatherapeutics for relief of anxiety. Linalool-rich essential oils that might be considered include "cinnamon basil" (a variety of Ocimum basilicum) leaf oil [98] , the leaf oils of linalool chemotypes of Lippia alba [99] and L. adoensis [100] , the floral essential oil of Lavandula latifolia [101] , Lonicera heterophylla oil [102] , Nepeta satureioides essential oil [103] , Randia matudae floral essential oil [104] , Camellia japonica floral essential oil [105] , and Cinnamosma fragrans leaf oil [106] . Essential oils rich in geraniol include geraniol chemotypes of Monarda fistulosa [107] and Ocimum gratissimum [108] , and the rhizome oils of Rhodiola crenulata and R. fastigiata [109] . A citral-rich cultivar of Ocimum americanum has been developed [110] . Other citraldominated essential oils are Backhousia citriodora [111] and Elattariopsis smithiae [112] . Essential oils dominated by both linalool and citral are Cymbopogon flexuosus [113] , Dracocephalum moldavica [114] , and Sassafras albidum leaf oils [115] . Cymbopogon travancorensis oil is dominated by citronellol and citronellal [116] .
